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In this paper, a compact new fractal printed monopole antenna, inspired of Sierpinski gasket, for ultra-
wideband (UWB) applications is reported. The proposed antenna is designed by developing a novel math-
ematical model and a new iterative procedure to generate a fractal geometric shape of the modified Sier-
pinski gasket (MSG). The recursive procedure to form an MSG as a radiating element is based on an equi-
lateral triangular grid of nodes which is constructed by using a recursive sequence. The MSG radiating
monopole is fed by coplanar waveguide (CPW) to achieve a 50 Q impedance matching with a trapezoidal
ground plane. Simulation and optimization of various parameters of the proposed fractal antenna are per-
formed using CST Microwave Studio. The simulated results indicate that the proposed antenna possesses
a moderate gain over the entire band with a peak of 4.77 dBi at 9.8 GHz. The stated antenna is also com-
pared with the related literature reviews to differentiate its performance. The total size of the presented
antenna is 19x20x1.52 mm3, which is designed on Rogers RO4003C substrate (tand= 0.0027 and & = 3.38).
Moreover, a compact prototype is implemented and tested. The measured results of the reflection coeffi-
cient characteristics show good agreement with the simulated results. The designed antenna exhibits om-
nidirectional radiation patterns and covers the frequency range 2.22-10.7 GHz, making it suitable for wire-
less and UWB applications.
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1. INTRODUCTION

With ever increasing demands for new wireless
communication devices and advanced wireless commu-
nication systems with increasing importance of other
wireless applications in both civil and military applica-
tions, wideband, efficient, low-cost and low-profile an-
tennas are urgently required, which can be integrated
into multiple mobile communication systems and ap-
plied in ultra-wideband (UWB) technology. In this
perspective, patch antennas have significant im-
portance in wireless communication systems, and they
can easily meet part of that request.

Several papers have dealt with compact antennas
[1-3] and developed many techniques for reducing the
antenna size and broadening the antenna frequency
band to achieve UWB operation [4-6]. Since the Federal
Communications Commission (FCC) allocated the spec-
trum from 3.1 to 10.6 GHz for UWB applications in
2002 [7], recently, numerous challenges have arisen to
overcome the inherent performance limitations of mi-
crostrip antennas to achieve a — 10 dB return loss
bandwidth over the entire operating band.

Extensive research has been carried out in the past
to increase the bandwidth of patch antennas, among
which is the use of fractal geometry for shaping anten-
na elements [8, 9]. Fractal geometry provides a good
method for achieving the desired miniaturization and
multiband operation. Different geometries of Sierpinski
gasket have been explored with the aim of achieving
improved performances in terms of multiband and
wideband, compactness and ease of design [10-12].

In this paper, a new geometry fractal antenna using
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an especial shape of modified Sierpinski gasket (MSG)
is presented. Some of the more common fractal geome-
tries have been found to be useful in developing new
and innovative designs for antennas. The first fractal
to be considered is the popular Sierpinski gasket [13].
The Sierpinski gasket fractal is generated by the itera-
tive function system (IFS) method [14, 15]. The Sier-
pinski gasket is a special case of a wider class of frac-
tals that can be obtained from the well-known Pascal
triangle or mod-p Sierpinski gasket [16].

2. ANTENNA DESIGN AND CONFIGURATION

The geometry and configuration of the proposed
fractal UWB antenna are shown in Fig. 1. Both the
coplanar waveguide (CPW) feeding structure and the
fractal patch are etched on the same side of the sub-
strate symmetrically in relation to the center line (y-
axis) of the antenna. Moreover, a CPW-fed line with a
trapezoidal ground plane is used.

Due to the high reactance and low radiation re-
sistance, impedance matching presents a significant
challenge in designing electrically small antennas [17].
To overcome this issue, tree strips are employed: two
symmetrical strips are inserted into the vertical edges
of the substrate, and a third thin strip is introduced
into the horizontal edge of the substrate. The accurate
design of the proposed antenna needs to be adjusted
and optimized using CST Microwave Studio simulator.
A parametric analysis was carried out to obtain the
optimal geometric parameters which are collated in
Table 1. The antenna was fabricated by etching a
17.5 pm thick copper pattern on a 1.52 mm thick Rog-
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ers RO4003C substrate (& = 3.38, tand = 0.0027) of size
20%19 mm?2,

Fig. 1 — Geometry of the proposed UWB antenna (a), fractal
patch (b), prototype of the proposed antenna (c)

3. DESCRIPTION OF MSG FRACTAL ANTENNA
DESIGN

In this design, the fractal MSG antenna is based on
a recursive sequence using equation (3.1) for construct-
ing an equilateral triangular grid of nodes. To obtain
self-similar fractal properties, we applied a new itera-
tive procedure to generate the MSG fractal antenna.

The procedure for the geometric construction of this
new fractal begins with an equilateral and equiangular
triangular grid of nodes. Each side of the triangle con-
tains K» nodes, where K, is a sequence defined by its
first term Ko =1 and by the recurrence relation given
by equation (3.1):

K,,=2K, +1
{ n+l n (31)

K, =1

where K, is an odd number.
The n-th term of the proposed progression is given
by equation (3.2):
K, =2""-1. (3.2)
This general form can be demonstrated using the
formula given by equation (3.3):

Sol-on 1.

i=0

(3.3)

The sum of the first n terms of the proposed se-
quence given by equation (3.4) represents the total of
the nodes forming the equilateral triangle:

S, =K,.2" =(2""-1).2". (3.4)

The recursive procedure to form an MSG as a radi-
ating element is shown in Fig. 2, where three small
hexagonal slots are introduced in the center on each
side of the triangle of the first iteration Ki, as illustrat-
ed in stage 0 of Fig. 2e. We apply the same transfor-
mation for the triangle of the second iteration K2 (step
0 of stage 1), also shown in Fig. 2b, as step 1 of stage 1.
The middle nodes between the slots are eliminated, as
illustrated in step 2 (stage 1) of Fig. 2c. Then we repeat
this process on the three remaining triangles, shown in
stage 0, for the constructed MSG, as shown in Fig. 2d.
This is a new fractal that can be generated by carrying
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out this iterative process an infinite number of times.
The proposed fractal UWB antenna was optimized to
the second order.

Fig. 2 — Iteration process: (a) step O for the 2nd iteration, (b)
step 1 for the 2nd iteration, (c) step 2 for the 2nd iteration, (d)
step 3 for the 2nd iteration, (e) the first iteration

4. PARAMETRIC STUDY

In this section, some parameters are studied to in-
vestigate the influence of these parameters on the an-
tenna performance. This analysis is performed by vary-
ing one parameter while keeping the other parameters
constant, as they are in Table 1.

Table 1 — Optimized geometrical parameters of the proposed
fractal UWB antenna

Dimension Dimension
Parameter Parameter

(mm) (mm)
L 20 g 0.25
w 19 dx 1.95
Lf 7 ds 1.25
Wf 1.2 ds 1
Wg 6.85 r1 1
Lg 5.5 re 0.65

4.1 Effect of a Trapezoidal Ground Plane
Parameter

The effect of the parameters of a trapezoidal ground
plane on the return loss characteristics is shown in
Fig. 3. It can be seen from Fig. 3a that the return loss
is very sensitive to the length Lg, which is varied from
5.3 to 5.7 mm. The best S11 <— 10 dB bandwidth and
impedance matching are exhibited for Lg = 5.5 mm.

Fig. 3b shows the effect of a larger width of the
trapezoidal ground plane Wg, the analysis is performed
by varying it from 6.65 to 7.05 mm. The optimum per-
formance is obtained for Wg = 6.85 mm.

4.2 Effect of Thickness of Parasitic Strips

The effect of parasitic strips width is carried out by
varying the 15t thickness d2 from 1 to 1.5 mm. From
Fig. 4a, it can be seen that the best Si1<-—10dB
bandwidth and impedance matching are exhibited for
d2 = 1.25 mm. The effect of the 2n thickness d3 is simi-
lar to the analysis of the 15t thickness, the best value is
ds =1 mm, as illustrated in Fig. 4b.
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Fig. 3 — Effect of the ground plane parameter on the reflection
coefficient S11 of the suggested antenna: (a) various ground
lengths Lg, (b) various widths Wg
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Fig. 4 — Effect of the thickness of parasitic strips on Si: of the
suggested antenna: (a) various length ds, (b) various length ds
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5. RESULTS AND DISCUSSION
5.1 Current Distribution Results

Fig. 5 shows the surface current distributions of the
suggested antenna. The current distributions are calcu-
lated at two resonant frequencies of 2.68 and 6.25 GHz.
At the first frequency, it can be seen that the surface
current is concentrated on the lower edge of the patch
and completely on the fed strip, and some parts are
formed on the upper edge of the ground plane and on
the parasitic vertical wires. For the second frequency,
the surface current is spread mostly on the fed strip,
upper and lower edges of the fractal patch, and on the
lower edge of the horizontal wire.

Fig. 5 — Surface current distributions of the proposed antenna
at (a) 2.68 GHz and (b) 6.25 GHz

5.2 Input Impedance and Gain of Antenna

Fig. 6 represents the simulated input impedance
variation of the proposed structure. The curve shows
that the real part of the antenna input impedance
characteristic is normalized to 50 Ohms and its value is
36.9-64.61 Ohms in the entire frequency range 2.22-
10.7 GHz. While the imaginary part is nearly oscillat-
ing around the zero line, which indicates a good adap-
tation of the designed antenna throughout the operat-
ing band.

Fig. 7 shows the simulated gain versus the frequen-
cy of the suggested antenna. A gain of more than
2.61 dBi is obtained in the entire UWB spectrum. The
peak is near 4.77 dBi at 9.8 GHz. We note that this
type of UWB antenna is suitable for indoor and outdoor
short-range communications.

150
@ 100 Real (Zin)
§ Ima (Zin)
Fg ” -\/\—\/\/-\
5]
2
E oo
-
2
= -50 A
S
-100 T T T T T T T T T T

3 4 5 6 7 8 9 10 11 12
Frequency (GHz)

Fig. 6 — Input impedance of the proposed antenna (real and
imaginary parts)
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Fig. 7 — Simulated gain of the proposed antenna

A comparative study of the proposed antenna with
other planar antennas in terms of size, occupied area
and operation band is summarized in Table 2. From
this comparative study, it is evident that the proposed
antenna occupies the smallest area compared to the
other mentioned designs, with sufficient bandwidth to
cover the entire range of applications of interest.

Table 2 — Performance comparison of the proposed antenna
with other reported UWB antennas

Ref Antenna | Occupied Bandwidth |Bandwidth
) size (mm) | area (mm?) (GHz) (%)
[18] 34 X43 1462 2.99-12 120
[19] 30 X 25 750 3.55-11.17 103.53
[8] 39 x 36.5 1423.5 3.1-13.65 125.97
[20] 28 x 28 784 3.41-15.37 127.36
This work| 19 X 20 380 2.22-10.7 131.27

5.3 Experimental results

The proposed fractal UWB antenna prototype is
fabricated with standardized technologies using a laser
printer for printed circuits. The input reflection coeffi-
cient of the fabricated prototype is measured using an
Agilent 8722ES vector network analyzer (VNA). The
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measured results seem to be in good agreement with
the simulated return loss, as illustrated in Fig. 8. It can
be observed that the measured impedance bandwidth
covers from 2.22 to 10.44 GHz, which is 129.85 %, while
the calculated one covers from 2.22 to 10.7 GHz, which
is 131.27 %.

The far-field radiation patterns of the proposed
fractal UWB antenna are also measured in a micro-
wave anechoic chamber at two different frequencies of
2.68 and 6.25 GHz. The radiation patterns at these two
different frequencies in the E- and H-planes are shown
in Fig. 9: (a) co-polarization, (b) cross-polarization and
(c) co-polarization, (d) cross-polarization), respectively.
From the measured results, the radiation patterns of
the proposed antenna are bidirectional in the E-plane,
while the H-plane radiation pattern is nearly omnidi-
rectional. However, some distortion of the radiation
pattern can be observed due to the experience envi-
ronment and reflections at the edges of the miniature
fractal structure.
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Fig. 8 — Simulated and measured reflection coefficients of the
proposed fractal antenna
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Fig. 9 —- Measured normalized radiation patterns of the proposed fractal UWB antenna at 2.68 GHz (solid line) and 6.38 GHz
(dashed line): (a) co-pol E-plane, (b) cross-pol E-plane (c), co-pol H-plane, (d) cross-pol H-plane

6. CONCLUSIONS

In this paper, a novel compact fractal antenna with
CPW-feed line and a trapezoidal ground plane has been
designed and fabricated with overall dimensions of
19x20%1.52 mm?, which operates from 2.22 to
10.7 GHz, which is 131.27 %. Good agreement is ob-
tained between the simulation and the measurement

result of the reflection coefficient characteristics. The
antenna exhibits a nearly omnidirectional radiation
pattern in the H-plane and a bidirectional radiation
pattern in the E-plane. The proposed design approach
provides a miniature size and return loss performance
of the proposed fractal antenna with moderate gain
over the entire band and makes it suitable for wireless
and UWB applications.
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IIpoexTyBaHHsa Ta aHAJi3 HOBOI (hpaKTAIPHOI KOMIIAKTHOL AHTE€HU
IJIS HAAIIUPOKOCMYTOBUX 3ACTOCYBaHb

N. Guebgoub?, O. Mahri?, T.A. Denidni2, S. Redadaa!

1 Laboratoire des Télécommunications, Université 8 Mai 1945, Guelma, 24000-B.401, Algérie
2 CEMT - INRS, 800 Rue De La Gauchetiere Ouest, Bureau 6900, Québec, H5A 1K6, Canada

V¥ craTTi moBiIOMIISETHCS TIPO HOBY KOMITAKTHY (hpaKTaJIbHy IPYKOBAHY MOHOITOJIBHY aHTEHY, SKA HAra-
nye TpukyTHY cepBeTky Cepiriuchroro, mis Hammuporocmyrosux (UWB) sacrocyBamp. 3ampormoHoBana am-
TeHa po3pobiieHa 3a JOIIOMOro0 HOBOI MaTeMaTUYHOI MOJIeJIl Ta HOBOI ITepaIfiiiHol IpoleIypu IJIsi CTBOPEH-
Hs QparTasbHOI reoMeTpudHOI popmu moudiroranoi ceprerku Cepmincsroro (MSG). Pexypcusna mporte-
nypa dopmyBauasa MSG gk BHIIPOMIHIOBAJILHOTO €JIEMEHTa 3aCHOBAHA Ha PIBHOOIYHIN TPUKYTHIN CITIT BY-
3J1iB, siKa TOOYyIOBaHA 3 BUKOPHUCTAHHSAM PEKYyPCHBHOI mociimoBHOCTL. Jims yaromxenns immemnancy 50 Om
BUNPOMIiHIOIOYNNA MOHOIOJIb MSG sxuBuThHCS Bim xoMmiamapaoro xsuiesoxy (CPW) i3 TpamertiemnomioHo0
323eMJTIOI0YO0I0 TIOIMHOK. Mo/IeIIoBaHHs Ta ONTUMI3allia PISHMX ITapaMeTpiB 3alpOIIOHOBAHOI dpaKkTasIb-
Hol aHTeHn BuKoHAHO 3a goromoroi CST Microwave Studio. PeaynpraTi MomeIoBaHHA IIOKA3YIOTH, IO 34-
IIPOIIOHOBAHA aHTEHA Mae MOMipHEe IIOCHJIEHHS ¥ BChOMY Iialras3oHi 3 mikom 4,77 nbi ma wacrori 9,8 I'T'w. 3a-
3HAUYEHY aHTEHY TAKOK IOPIBHIOITDH 3 aHAJIOTAMK Y BIAMIOBIOHIN JiTepaTypi, mob audepeHiioBaTy ii mpo-
IYKTUBHICTD. 3araJIbHUI PO3Mip IIPeICcTAaBJIEHOI aHTeHU, IKa po3pobiieHa Ha miakaanmi Rogers RO4003C
(tans=0.0027 ta & = 3.38), cranoButh 19x20%1,52 mm3. Kpim Toro, peasizoBaHo 1 MpoTECTOBAHUI KOMIIAKT-
HNM IIPOTOTHII aHTEHU. Pe3ybraTh BEUMIPIOBAHb KoeillieHTa BIOOMTTA IIOKA3YIOTh TApHY Y3TOIKEHICTD 3
peaysbratamu MojesoBaHHsa. CKOHCTPYOBAHA aHTeHA JIEMOHCTPYE JlarpaMul CIPSAMOBAHOCTI B yCiX Ha-
IpsAMAax Ta OXOILIIE miama3oH yactor 2,22-10,7 [T, mo pobuts ii mpupartHOoo 1iIsa 6eaaporoBux Ta UWB

JI0JIATKIB.

Kmiouori cinosa: Kommakrua anrena, @paxradt, JIpykoBauuit moromosb, Cepserka Cepmincbroro, Besmpo-

TOBUH 3B's130K, Ha ImmpokocMyroBuii.
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